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REMARKS 

Claims 1, 15, 16 and 18-22 are pending in the subject 
application. By this Amendment, applicants have amended claim 1 
to recite that the antisense oligonucleotide has the sequence of 
a human Ku70 cDNA or human Ku8 0 cDNA in the antisense 
orientation. Claim 15 has been amended to recite that antisense 
has the sequence of a human Ku70 cDNA in the antisense 
orientation. Support for both of these amendments can be found 
in the specification as originally filed at, inter alia, page 
83, lines 7 to 16 and Fig. 13. Applicants maintain that the 
amendments to the claims raise no issue of new matter and 
respectfully request their entry. After entry of this Amendment, 
claims 1, 15, 16 and 18-22 will be pending and under 
examination . 

Provisional Obviousness -Type Double Patenting Rejection 

The Examiner provisionally rejected claims 1, 15, 16 and 18-22 
under the judicially created doctrine of obviousness- type double 
patenting as allegedly unpatentable over claims 27, 3 9 and 40 of 
copending U.S. Application No. 10/712,642. 

In response, applicants respectfully traverse this obviousness- 
type double patenting rejection. Without conceding the 
correctness of the Examiner's position, applicants note that 
this is a provisional rejection over the U.S. Serial No. 
10/712,642 which is not an allowed application. Accordingly, if 
the claims of the subject application are otherwise allowable, 
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the provisional double patenting rejection should be withdrawn 
and the claims in the subject application should be allowed and 
issued, whereupon the claims of the U.S. Serial No. 10/712,642 
could be assessed as to whether an obviousness- type double 
patenting rejection over a patent issued from the subject 
application would be warranted. 

Rejections Under 35 U.S.C. §102 (b) 

The Examiner rejected claim 15 under 35 U.S.C. §102 (b) as 
allegedly anticipated by Takiguchi et al . (Genomics, 35:129-135, 
1996) for reasons as set forth in the previous Office Action. 

In response, applicants respectfully traverse the Examiner's 
rejection. However, in order to expedite prosecution, and 
without conceding the correctness of the Examiner's position, 
applicants have herein amended claim 15 to recite that the 
claimed antisense oligonucleotide has the sequence of a human 
Ku70 cDNA in the antisense orientation. Takiguchi et al . does 
not teach such an antisense oligonucleotide. Accordingly, 
applicants respectfully request that the Examiner reconsider and 
withdraw this ground of rejection. 

Rejections Under 35 U.S.C. §103 (a) 

The Examiner rejected claim 15 as allegedly obvious over 
Takiguchi et al . , as cited above, for reasons as set forth in 
the previous Office Action. 
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In response, applicants respectfully traverse the Examiner's 
rejection. However, in order to expedite prosecution, and 
without conceding the correctness of the Examiner's position, 
applicants have herein amended claim 15 to recite that the 
claimed antisense oligonucleotide has the sequence of a human 
Ku70 cDNA in the antisense orientation. Takiguchi et al . alone 
or in combination with ordinary skill, does not teach or suggest 
such an antisense oligonucleotide. Accordingly, applicants 
respectfully request that the Examiner reconsider and withdraw 
this ground of rejection. 

The Examiner rejected claims 1, 15, 16 and 18-22 as allegedly 
obvious over Reeves et al . (J. Biol. Chem. , Vol. 26499:5047- 
5052, 1989), Milner et al . (Nature Biotech. 15:537-541, 1997), 
and Takiguchi et al . (Genomics, 35:129-135, 1996) in view of 
AuYoung et al . (U.S. Patent No. 5,773,580) insofar as the claims 
are drawn to compositions and methods for increasing a target 
cell's sensitivity to DNA damaging agents in vitro comprising 
the administration of an antisense oligonucleotide specifically 
targeting a human DNA dependent protein kinase subunit . 

In order for an obviousness rejection of the claimed method 
under 35 U.S.C. 103(a) to be proper, the prior art references, 
in combination, must in part teach or suggest all the elements 
of the claimed invention. Applicants note, however, that the 
cited references in combination do not teach or suggest an 
antisense oligonucleotide that specifically hybridizes to a 
nucleic acid encoding a human DNA-dependent protein kinase 



* 



Applicants: Gloria C. Li et al . 
Serial No.: 09/750,410 
Filed: December 28, 2000 
Page 7 

subunit so as to prevent expression thereof, wherein the 
antisense has the sequence of a human Ku70 cDNA in the antisense 
orientation as recited in amended claims 1 and 15 or of a human 
Ku80 cDNA in the antisense orientation as recited in amended 
claim 1. In addition, the references in combination do not teach 
or suggest wherein such an antisense is enclosed in a liposome 
prior to introduction into the cell as set forth in amended 
claim 1 . 

In short, the cited references in combination do not teach or 
suggest all of the elements of the claimed invention. 
Accordingly, applicants respectfully request that the Examiner 
reconsider and withdraw this ground of rejection. 

Rejection Under 35 U.S.C. §112, First Paragraph (Written 
Description) 

The Examiner rejected claims 1, 15, 16 and 18-24 under 35 U.S.C. 
§112, first paragraph, as allegedly not described in the 
specification in such a way as to reasonably convey to one 
skilled in the art that the inventors, at the time the 
application was filed, had possession of the claimed invention. 
The Examiner alleged that the claims do not adequately describe 
the distinguishing features or attributes shared by the members 
of the genus claimed. 

In response, applicants respectfully traverse the Examiner's 
rejection. Applicants note that the composition and method 
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claims as amended encompass antisense oligonucleotides, or use 
thereof. The oligonucleotides specifically hybridize to a 
nucleic acid encoding a human Ku7 0 so as to prevent expression 
thereof. As such, the members of the genus need to possess all 
of the structural features determined from being (i) an 
antisense oligonucleotide (ii) that specifically hybridizes to a 
specific human nucleic acid encoding a human DNA-dependent 
protein kinase subunit, (iii) so as to prevent expression 
thereof, wherein (iv) the antisense oligonucleotide has the 
sequence of a human Ku70 cDNA in the antisense orientation or a 
human Ku80 cDNA in the antisense orientation. Thus, the members 
of the genus do not vary in the requisite structural features 
set forth in the claims and described in the specification. 
Furthermore, the human Ku70 gene sequence is known in the art. 
See Reeves et al . (1989), (Exhibit 1) and Genbank 51093847, 
(Exhibit 2) . 

Applicants maintain that those of skill in the art of the 
claimed invention would recognize from the description that the 
claimed antisense is described in the specification. 

Thus, applicants maintain that the specification shows 
applicants were in possession of the claimed invention at the 
time of filing. Accordingly, applicants respectfully request 
that the Examiner reconsider and withdraw this ground of 
re j ection . 
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Conclusion 

For the reasons set forth above, applicants respectfully request 
that the Examiner reconsider and withdraw the rejections, and 
solicit allowance of pending claims 1, 15, 16 and 18-22. 

If a telephone interview would be of assistance in advancing 
prosecution of the subject application, applicants' undersigned 
attorneys invite the Examiner to telephone them at the number 
provided below. 

No fee, other than the $510.00 extension fee, is deemed 
necessary in connection with the filing of this Amendment. 
However, if any additional fee is required, authorization is 
given to charge the amount of such fee to Deposit Account No. 
03-3125 . 



Respectfully submitted, 
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The p70/p80 autoantigen consists of two proteins of molec- 
ular mass —70,000 and —80,000 daltons that dimerize to form 
a 10 S DNA-binding complex (1). Exchange of immunological 
reagents has established that the p70/p30 antigen (1, 2) t Ku 
antigen (3-5), Ki antigen (6), as well as a 86-70-kDa protein 
complex (7, 8) 1 are identical. The p70/p80 complex binds to 
the ends of double-stranded DNA (4) in a cell cycle-dependent 
manner, being associated with chromosomes of interphase 
cells, followed by complete dissociation from the condensing 

0 Thio work wao supported by Grants AR 01499 from the United 
States Public Health Service and by General Clinical Research Center 
Grant M01-RR00102 from the National Institutes of Health. The 
BIO NET National Computer Resource for Molecular Biology is 
supported by a Grant P41RR01685 from the National Institutes of 
Health. The costs of publication of this article were defrayed in part 
by the payment of page charges. This article must therefore be hereby 
marked "advertisement" in accordance with 18 U.S.C. Section 1734 
solely to indicate this fact. 

The nucleotide sequenceis) reported in this paper has been submitted 
to the GenBank™/EMBL Data Bank with accession numbeiis) 
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X Recipient of an Arthritis Investigator Award from the Arthritis 
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chromosomes in early prophase (2). Both p70 and p80 have 
been found to contain phosphoserin® residues (3). The func- 
tion of the antigen is unknown, but a role in DNA repair o? 
transposition has been proposed (4, 5). Certain individualo 
with systemic lupus erythematosus (SLE) 1 and related disor- 
ders produce extremely large amounts of autoantibodies to 
p70 and p80 (1, 3, 6). We have used autoantibodies from tho 
serum of an individual with SLE to isolate cDNA clones 
encoding p70 t the protein that is thought to mediate binding 
of the Ku (p70/p80) complex to DNA (5). Analysis of tho 
predicted amino acid sequence of p70 suggests structure! 
similarities with other DNA-binding proteins. The amino acid 
sequence should be useful for examining the function of tho 
Ku (p70/p80) complex, as well as the causes of autoimmunity 
to this antigen. 

MATERIALS AND METHODS 

Isolation ofcDNA Clones — Human autoantibodieo to the Ku (p70/ 
p80) antigen from a patient (CK) with SLE were used to screen o 
human hepatoma Xgtll cDNA library, provided by M, Muechler 
(Whitehead Institute, Cambridge, MA), using established protocolo 
(9-11). Recombinant phage were plated on lawns of Escherichia coli 
Y1090 and overlaid with nitrocellulose filters (Schleicher & Schuell, 
BA85) impregnated with isopropylthiogalactoside (Sigma). Pooitivo 
plaqueo were detected by incubating in blocking solution (150 m&3 
NaCl, 50 m&a Tris, pH 7.5, 1% bovine hemoglobin, 0.02% NaN 8 ) for 
I h at 22 °C, followed by CK serum (1:5000 in blocking solution, 
which was preadsorbed with bacterial lysate) (11) for 8 h at 4 'C, and 
l2s I-protein A (Du Pont-New England Nuclear; 10* dpm/ml) foff 3 h 
at 22 °C. Three cDNA clones were obtained, the longest of which 
(~2.0 kb) was used to screen the same library by nucleic acid hybrid- 
ization (12). Probes were labeled with [a 3J P]dCTP by random priming 
(13) using Klenow fragment (Amersham Corp.). In addition, a 27-bp 
oligonucleotide 5'-CTTCCTCTGCTTCTTCATCGCCCTCGG-3' 
complementary to the 5' end of the of the 2.0-kb clone wao synthesized 
(Applied Biosystems 380A DNA synthesizer), "P end-labeled with 
polynucleotide kinase (14) and used to rescreen the library (15). 

Production of p70 Fusion Proteins — Xgtll clones 70.5, 70.34, and 
70.77 were used to lysogenize E> coli Y1089, and fusion proteins were 
isolated as described (11). E. coli lysates containing the fusion proteins 
were analyzed on %% SDS-polyacrylamide gels, and stained with 
Coomassie Brilliant Blue R250 (16). 

Immunoblotting of the fusion proteins was performed as described 
(17). Blots were incubated in blocking solution for >1 h, followed by 
CK serum (1:250 dilution), or by the same dilution of CK serum plus 
an irrelevant autoimmune serum (patient JK) at a dilution of 1:250 
for 3 h at 22 °C. After washing three times for 30 min, the blots were 
incubated with alkaline phosphatase -conjugated goat anti-human IgG 
antibodies (1:1500 dilution, from Tago, Buriingame, CA) for 3 h at 
22 *C. Antibodies specific for the fusion proteins were purified by 
elution from the nitrocellulose blots (18) and used to probe immu- 
noblots of K562 nuclear extract (2) followed by detection with m l- 
protein A as described above. 

DNA Sequence Analysis — Restriction fragments of the phage 
cDNA inserts were subcloned into pUC 19, subsequently into 

3 The abbreviations used are: SLE, systemic lupus erythematosus; 
kb, kilobase(s); bp. base pair(s); SDS, sodium dodecyl sulfate. 
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Ml3mpl8 or Ml3mpl9 (19), and sequenced from both strands by the 
(iideouy chain termination method (20). The rapid deletion subclon- 
ing technique of Dale et al (21) wan utilized to generate a sequential 
serieo of overlapping cloneo for sequencing. Oligonucleotides were 
aynthesised and used without further purification (22) as primers for 
nequencing certain large fragments. Modified T7 DNA polymerase 
(Sequenase, United States Biochemical Corp., Cleveland, OH) using 
dITP in place of dGTP (23) was used for dideosy sequencing of DMA 
regions not adequately resolved with Klenow fragment. 

Computer Sequence Analysis — Sequences were assembled and ana- 
lyzed by computer programs provided by the BIONET National 
Computer Resource for Molecular Biology. The translated amino acid 
sequence of p70 was compared to sequences in the National Biomed- 
ical Research Foundation Protein Identification Resource (PIR) us- 
ing the algorithms of Lipman and Pearson (24, 25). Statistical signif- 
icance of alignments was evaluated using the RDF program (24). 

Protein Sequencing— Ku (p70/p80) antigen was purified from -3.5 
x 10° K562 cells as described.* Protein A-Sepharose beads were coated 
with monoclonal antibody 162 (1) at 4 *C for 8 h, washed three times 
with 150 mM NaCl, 10 mM Tris, pH 8.0, 1 mM EDTA, 0.5% Nonidet 
P-40, 1 mg/mJ ovalbumin, 0.02% NaNj, and added to an extract of 
K562 cells (in 150 mM NaCl, 50 mM Tris, pH 7.5, 1 mM EDTA, 0.5 
m&a phenylmethylsulfonyl fluoride) for 3 h at 4 °C. The beads were 
washed three times with 150 mM NaCl, 50 mM Trio, pH 7.5, 2 mM 
EDTA, 0.25 M sucrose, 2.5% Triton X-100, 0.5% SDS, then three 
timeo with 150 mM NaCl, 50 mM Tris, pH 7.5, 2 mM EDTA, and 
heated to 100 *C for 3 min in SDS sample buffer (16) before resolving 
on 10% SDS -poly aery [amide gels. The gels were stained with Coo- 
masoio Brilliant Blue R-250, and gel slices containing p70 were 
excised. The protein wao electrocuted from the gel exactly as de- 
scribed by HunkapiUer et al (27). 

Etectroeluted p70 was cleaved with chymotrypsin (Worthington) 
as follows: approximately 7 M g of p70 in 60 jd of 0.125 M Tris, pH 6.8, 
0.5% SDS, 10% glycerol, 0.0001% bromphenol blue was heated to 
100 *C for 3 min before adding chymotrypsin to a final concentration 
of 17 ^ig/ml. The sample was incubated for 30 min at 37 °C; digestion 
was terminated by the addition of SDS to 2.5% and dithiothreitol to 
0. 1 M. The sample was then heated to 55 "C for 10 min and loaded 
onto a 12.5% SDS-polyacrylamide gel. 

After electrophoresis, intact p70 and chymotryptic peptides were 
transferred to polyvinylidene difluoride membrane (Immobilon, 
Whatman, Clifton, NJ) (28). After visualization by Coomassie Blue 
staining, p70 and p70 peptides of -29, 22, and 16 kDa were excised 
from the blot and subjected to automated Edman degradation with 
the Applied Biosystems model 470A gas-phase sequencer. The phen- 
ylhydantoin amino acid derivatives were identified and quantitated 
using a Hewlett Packard 1084 HPLC system. 

RNA Blot Analysis— K562 poly(A) + RNA (29, 30) was separated 
on 0.8% agarose gels containing 2.2 M formaldehyde (14), transferred 
to nitrocellulose, and baked for 90 min at 80 °C (31). DNA probes 
were labeled by random priming (13) as described above. RNA blots 
were prehybridized for 6-12 h at 42 °C in 5 X SSPE (1 x SSPE = 
0.15 ba NaCl, 10 mM sodium phosphate, pH 7.4, 1 mM EDTA), 10 x 
Denhardt's solution (1 x » 0.02% Ficoll, 0.02% polyvinylpyrrolidone, 
0.02% bovine serum albumin), 50% formamide, 0.4 mg/ml denatured 
sonicated salmon sperm DNA, 0.1% SDS before hybridizing for 30 h 
in the same solution containing probe at 10° dpm/ml at 42 °C. The 
blots were washed at 65 °C with 2 x SSC (1 X SSC = 0.15 M NaCl, 
15 mM sodium citrate, pH 7.4), 0.1% SDS (three times, 10 min each) 
followed by 0.3 x SSC, 0.1% SDS (three times, 45 min each), and 
exposed to X-ray film (XAR-5, Kodak, Rochester, NY) with Light- 
ening Plus intensifying screens (Du Pont-New England Nuclear). 

RESULTS 

Isolation of cDNA Clones Encoding p70 Epitopes — A Xgtll 
expression library was screened with serum from a patient 
(CK) with high titer anti-Ku (p70/p80) antibodies. Thia 
serum contains anti-Ku (p70/p80) antibodies at a titer of 
approximately 1:3 X 10 s , along with low levels (1:1000 titer or 
less) of anti-RNP and anti-Sin antibodies (32). At the 1:5000 
dilution used for screening, the serum was essentially mono- 
specific for p70. Screening the Xgtll library with this serum 

3 W. H. Reeves, Z. M. Sthoeger, and R. G. Lahita, manuscript 
submitted for publication. 



yielded three positive plaques, designated clones 70.5, 70.34, 
and 70.77, respectively (Fig. 1). After plaque purification, 
£coRI digestion of purified phage DNA demonstrated insert 
DNA fragments of approximately 1600 and 350 bp (clon® 
70.5), 300 bp (clon® 70.34), and 700 bp (clone 70.77). On 
Southern blots, insert DNA from clone 70.77 hybridized with 
insert DNA from clone 70.34, and with the ~1600-bp fragment 
from clone 70.5 (not shown). DNA sequence analysis (sea 
below) confirmed that the three clones contained fragments 
of the same gene. 

Nucleic acid hybridization screening yielded additional 
Xgtll clones hybridizing with both the clone 70.77 insert and 
with the ~350-bp fragment of clone 70.5. Restriction mapping 
suggested that two of these clones, designated 70.30 and 70.46 
(Fig. 1) contained additional DNA sequences not contained 
by clone 70.5. Screening with the 5 '-oligonucleotide failed to 
yield clones with longer inserts. 

& coli lysogenic for Xgtll clones 70.34 and 70.77 produced 
fusion proteins of —145 and -140 kDa, respectively, after 
induction with isopropylthiogalactoside (Fig. 2). E. coli lyso- 
genie for clone 70.5 produced only trace quantities of fusion 
protein (not shown). Autoantibodies from CK serum wero 
affinity purified on nitrocellulose-bound 70.34 or 70.77 fusion 
proteins and used to probe immunoblots of total nuclear 
proteins (Fig. 3). Th© afBnity-purified anti- 70.34 and anti- 
70.77 antibodies specifically bound to p70 on immunobloto of 
total nuclear proteins, while autoantibodies in the original 
CK serum bound to both p70 and pSO (Fig. 3A). Addition of 
JK autoimmune serum to CK serum resulted in binding to 
additional proteins on immunoblots (Fig. 32), CK+JK). Tho 
contaminating JK autoantibodies were removed by affinity 
purification on 70.34 and 70.77 (Fig. 32?), demonstrating th® 
specificity of binding to the fusion proteins. 

DNA Sequence — The nucleotide sequence of cDNAs from 
clones 70.5, 70.34, 70.77, 70.30, and 70.45 was determined 
from both strands using the sequencing strategy shown in Fig. 
1. The nucleotide sequence (Fig. 4) contains a single open 
reading frame of 1,827 bp (from nucleotide 34 to 1,860), coding 
for 609 amino acids. The predicted molecular mass of th® 
encoded p70 protein is 69,851, in close agreement with tho 
apparent molecular mass of 70,000 estimated by SDS-poly- 
acrylamide gel electrophoresis (1). The open reading frame is 
preceded by a 5 ' -untranslated region of 33 bp, and followed 
by a 3 '-untranslated region of 294 bp terminating with a 
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Fig. 1. p70 partial restriction map, clones, and sequencing 
strategy. The coding region (bases 34-1860) is shown an a hatched 
box in the partial restriction map (top). The individual cDNA clones 
obtained by screening with antibody probes are labeled 70, 77 (baseo 
1286-2027), 70.34 (bases 1112-2025). and 70.5 (bases 44-2021). Ad- 
ditional cDNA clones obtained by nucleic acid hybridization are 
labeled 70.45 and 70.30. The sequencing strategy is indicated by 
arrows at the bottom* 
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Fio. 2. SDS-polyacrylamlde get of fusion proteins obtained 
front S, coli Y1089 lysogenized by Xgtll clone*. E. coli were 
solubilized in SDS sample buffer, and proteins were resolved on an 
$% S DS - poly aery I amide gel followed by Coomassie Blue staining. 
Lanes show E. coli Y10S9 lysate, and lysates of E. coli Y1089 lysogen- 
ized by clones 70.34 and 70.77. The last lane shows purified 0- 
^olactosidase (Sigma) for comparison. Positions of molecular mass 
markers are indicated on the right, fed, kilodaltons. 




Fio. 3. Immunoblots of antibodies affinity- purified from 
blots of fusion proteins. A, immunoblots of K562 nuclear extract 
using OK serum (1:500) or CK antibodies (initial serum dilution 
1:250) affinity purified from 70.34 or 70.77 fusion proteins, respec- 
tively. On immunoblots of total nuclear extract, CK serum reacted 
with both p70 and p80, while the affinity- purified antibodies were 
specific for p70. /?, immunoblots of K562 nuclear extract using CK 
plus JK sera (both at 1:500 dilution) or CK plus JK sera (initially 
I'ach at 1:250) affinity-purified from 70.34 or 70.77 fusion proteins, 
respectively. 

AATAAA sequence followed by a 68-bp poly(A) sequence. 
Two clones (70.5 and 70.44) had a cytidine at position 300, 
while two others (70.30 and 70.26) had a thymidine. The 
substitution does not change the predicted amino acid se- 
quence and may represent allelic variation. 

The sequence AACATG (nucleotides 31-36) is a potential 
ri bo Home binding site (33) which may encode the initiator 
methionine as indicated in Fig. 4. However, this prediction 
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could not be confirmed by amino acid sequencing because the 
amino terminus of p70 was blocked. 

Partial Amino Acid Sequence of p70 — Since the ami no- 
terminal sequence of p70 was unobtainable, the protein was 
cleaved with chymotrypsin and partial amino acid sequences 
of peptides of molecular mass ~29, 27, and 16 kDa were 
determined. The amino acid sequences of the three peptides 
match the predicted amino acid sequence as shown in Fig. 4 
[single letter code), confirming the identity of the cDNA clone. 

RNA Blot Analysis— Probes consisting of the 3' -1640 bp 
and 5' —340 bp of clone 70.5 each hybridized with a single 
mRNA species of —2.4 kb (Fig. 5, probes A and B, respec- 
tively). Thus, although the entire coding sequence has prob- 
ably been determined, the sequence of the 5' -untranslated 
region is likely incomplete. 

p70 Has a Cluster of Acidic Amino Acids and Periodic 
Repeats of Leucine or Leucine and Serine Residues — Exami- 
nation of the predicted amino acid sequence of p70 revealed 
the existence of a high concentration of negatively charged 
residues near the amino terminus. The first 61 amino acids 
consist of 31% glutamic acid + aspartic acid, with a 19- amino 
acid region (residues 10-28, underlined in Fig. 4) consisting 
of 58% Glu + Asp. In addition, the amino-terminal 81 amino 
acids contains 13 serine residues (16%). A shorter acidic 
domain is present from residues 328-340 (7/13 residues or 
53% Glu + Asp, underlined in Fig. 4). 

Comparison of the amino acid sequence with known se- 
quences in the National Biomedical Research Foundation 
Protein Identification Resource database revealed a possibly 
significant similarity with the v-myc oncogene product (Fig. 
6). A region of p70 from amino acid 187 to 248 (62 residues) 
was 27% identical with a region of the v-myc oncogene protein 
from amino acid 361 to 422, and displayed weaker similarity 
with the c-myc protein. Statistical analysis of this alignment 
using the RDF program (24) gave an initial score of 62 (z 9 
9.59 S.D.) the aligned score of 62 (z = 5.62 S.D.). This region 
of both v-myc and c-myc contains a "leucine, zipper** domain 
characterized by the periodic repetition of leucine residues 
every seventh position in an a-helical region (34). The p70 
sequence has identical periodicity, but instead of having leu- 
cine residues at every seventh position, has leucine alternating 
with serine (Figs. 4, 6, and 7, indicated by *). Secondary 
structure predictions for p70, v-myc, and c-myc in this region 
are suggestive of a- helix formation (Fig. 7). Immediately 
adjacent to this region (toward the carboxyl terminus) is a 
22-amino acid region containing 50% basic residues (Fig. 7, 
indicated by x), as appears in other proteins with leucine 
repeats (34). Another possible leucine repeat in p70 occurs 
from amino acids 483 to 511 (Fig. 4, residues at seventh 
positions indicated by *), but contains a proline residue (res- 
idue 500) that might destabilize a region of a- helix. 

DISCUSSION 

The Ku (p70/p80) antigen is recognized by autoantibodies 
in sera of certain patients with SLE (1) and other (3) collagen 
vascular diseases. The function of this antigen is not known, 
but previous studies have shown that the p70 and p80 proteins 
form a complex (1, 6, 7) that binds to DNA (1, 4, 5, 7). Binding 
to DNA may be mediated by p70 (5) and also be specific for 
ends of double-stranded DNA, suggesting a possible role in 
DNA repair or transposition (4). 

These previous studies suggest that the p70 protein contains 
a region, or regions, mediating binding to DNA and to pSO. 
As a first step to defining these regions, we have cloned and 
sequenced cDNA encoding p70. The translated amino acid 
sequence consists of 609 amino acids (Fig. 4). However, the 
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Fig. 4. Nucleotide end translated 
amino acid sequence of p70. DNA 

sequence is shown above, and predicted 
amino acid sequence below vn three-letter 
code. Numbering corresponds to the pre- 
dicted amino acid sequence. Amino acid 
sequences determined by automated Ed* 
mann degradation are indicated by one- 
letter code beneath the predicted amino 
acid sequence. Anionic domains of the 
translated protein (residues 11-29 and 
330-342) are underlined. Periodic re- 
peats of leucine and/or serine residues 
are indicated by *. A potential polyade- 
nylation signal (AATAAA) is indicated 
( ). 
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Thr Aan Cln Pro val Lya Thr Lya Thr Arg Thr Pha Aan Thr Sar Thr Cly Gly Lau Lan Laa Pro Sar Aap Thr Lya Arg Sar sin I la 

330 340 3 SO 

TAT CCC ACT COT CAC ATT ATA CTC GAG AAA CAC CAA ACA CAA CAC CTA AAA COS TTT GAT CAT CCA CCT TTC ATO CTC ATC GOT TTC AAC 
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• 510 320 530 
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Clu Clu Lau Lya Thr Hla Ila Sar Lya Cly Thr Lau Cly Lya Pho Thr Val Pro Hat Lau Lya Glu Ala Cya Arg Ala Tyr Cly Lau Lya 
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ACT OCT CTC AAC AAC CAC CAC CTC CTC CAA CCC CTC ACC AAC CAC TTC CAC CAC TCA CCA&IU=GCCSCGCCTCCAGC TCCCCTTCCCCACT^rrCCCCAOC 
Sar Cly Lao Lya Lya Cln Glu Leu Laa Clu Ala Lau Thr Lya Hla Pho Cln Aap 
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predicted initial methionine may be cleaved in vivo, since it 
is followed by serine, a residue that promotes removal of 
amino terminal methionine residues by an amino-terminal 
methionine aminopeptidase (35). In addition, the amino ter- 
minus of p70 appears to be blocked. Acetylated methionine 
residues are generally not followed by serine (35, 36), while 
an amino-terminal serine residue is frequently acetylated (37), 
providing further indirect evidence that the amino-terminal 
residue in vivo may be serine rather than methionine. 

Analysis of the predicted p70 amino acid sequence demon- 
strated two regions of possible a-helical secondary structure 
(Fig. 7) containing periodic repeats of either leucine and serine 
(residues 215-243) or leucine alone (residues 483-504) (Figs. 
4 and 6). The Leu-Ser repeat region of p70 displays a possibly 
significant sequence similarity with a region of the v-myc and 
c-myc proteins that is essential for transformation (38), and 
which contains a leucine repeat with identical periodicity. 



While the functional significance of this similarity is difficult 
to assess at present, it is notable that two cellular differentia- 
tion factors, the MyoDl protein (39) and the T4 achaete- 
scute protein of Drosophila (40), also display comparable 
similarities with this region of myc. 

The Leu- and Leu-Ser repeat regions of p70 are similar to 
leucine repeat regions found in a number of oncogene products 
and transcription factors (34). Many of these proteins contain 
a region rich in basic amino acids immediately adjacent to the 
leucine repeat, The Leu-Ser repeat of p70 is adjacent to a 
strongly basic region (Fig. 7) and the leucine repeat to a less 
strongly basic region (residues 461-482). In the model pro- 
posed by Landschulz et aL (34), the periodic repeat of leucine 
residues is thought to interdigitate with a similar domain of 
a second protein, juxtaposing the basic amino acids of the two 
proteins in a manner suitable for sequence-specific recogni- 
tion of DNA. It remains to be determined whether either the 
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1040 bp 

Fio. 5. KWA bloto of poly(Ar. Poly(A)* RNA (13.2 /ig/ 

lane) wao analyzed on a 1% agarooe/formaldehyde gel and transferred 
to nitrocellulose. Blots were baked, prehybridized, and hybridized 
with "P- labeled EcvKl fragments of clone 70.5: A => —1640 bp 3' 
fragment; B « -340 bp 5' fragment. Both fragments hybridised with 
a RNA species of —2.4 kb. Positions of RNA standardo (Bethesda 
Research Laboratories, Gaithereburg, MD) aro indicated. 
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Fio. 6. Amino acid sequence similarity betweo© p70, v- 
mye, and <c-myc. The deduced amino acid sequence of p70 (residues 
187-24B) was aligned to maximize similarity with the amino acid 
sequences of v-myc (avian myelocyto ma tonic virus) (49), residues 
361-422, and human c-myc (50), residues 399-460. Thio region of 
similarity coincides with the proposed "leucine zipper" domain of the 
myc proteins (34). Positions of the periodic repeato of leucine and 
serine (p70) or leucine alone (v-myc and c-myc) are indicated by °. 
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RDQI i> ELXJJKT JtAJ> KWT UWATATI L&VCAtEQKUS»gQI.UgpPP^LtniKtBQIJ018Ca 
AAAAAAAA AAAAAAAAAAAAAA AAAAAAAAAAAAAAAAAAAAAAAAAA A AAAA A A 
BSS80 BBBOBO 

ITTTIT 

Fig. 7. Predicted secondary structures of similar regions of 
p70, v-myc, and c-myc. A denotes helix-permissive structure, B 
denotes #-sheet, and T denotes turn, as predicted by the program of 
Chou and Fasman (26). Positions of periodic repeats of leucine and 
serine (p70) or leucine alone (v-myc and c-myc) are indicated (*). 
Basic residues in a 22-amlno acid region immediately following the 
leucine-serine repeat of p70 are indicated by x. 

leucine repeat or the Leu-Ser repeat can participate in the 
formation of thia hypothetical structure. In particular, we 
cannot be certain that a polar amino acid such as serine would 
be compatible with the interdigitation postulated by the Land- 
schulz model. The sequence similarity of p70 with the leucine 
zipper region of myc, the a- helical secondary structure pre- 
dicted for this region (Fig. 7), and the adjacent 22 -residue 
basic domain may provide indirect evidence supporting this 
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possibility. Clearly, however* further experimental evidence 
will be necessary to assess the functional significance, if any, 
of this region. If either of these repeats is involved in the 
formation of a leucine zipper, then the Landschuls modell 
would predict th© existence of a similar region (a) in the p80 
protein. This prediction will be readily testable when th© 
sequence of pSO io available. 

The predicted amino acid sequence of p70 also contains two 
regions rich in acidic residues (61 residues, 31% Glu + Asp p 
and 19 residues, 53% Glu + Asp, se© Fig* 4). These acidic 
regions ar® comparable in length and charge to th® acidic 
domains found in GCN4 (60 amino acids, 30% Glu -fr* Asp) 
(41), and GAL4 (29 residues, 31% Glu + Asp, and 20 residues, 
35% Glu + Asp) (42) that are thought to play a critical rolo 
in transcriptional activation (41-43). In addition* th® high 
frequency of serine residues in the 61 -amino acid acidic do- 
main raises the possibility that th® negative charge of thio 
region might b® increased by phosphorylation. Sine® tho ac- 
idity of an *acid blob" appears to correlate with its transcrip- 
tional potency (44), phosphorylation of this region, if it occurs, 
might have functional significance. Thus, th® structure of p70 
resembles that of GCN4 and myc proteins not only in con- 
taining one or more possible leucine zipper domains (34, 41), 
but also in containing an anionic regiosa (41, 45). Based on 
the existence of both a possible; DNA-binding domsin(o) and 
a potential transcriptional activator domain (43), it io tempt- 
ing to speculate that p70 might have a role in transcription. 
Alternatively, the structure of p70 might ba consistent with a 
role in DNA repair (4) or replication* These possibilities aro 
not mutually exclusive, since recent studies indicate that 
certain transcriptional activators may be components of eu- 
karyotic origins of DNA replication (46, 47). 

The present studies demonstrate the existence of a major 
autoantigenic epitope or epitopes on th® ca^boiryl-terminal 
190 amino acids of p70 (Fig. 3, 70.77), a region containing tho 
leucine repeat region of p70 (Fig. 4). We have previously 
found that autoantibodies in certain autoimmune sera inhibit 
the binding of p70/p@0 to DNA, and conversely, that binding 
of DNA to p70/p€0 partially inhibits autoantibody binding in 
some cases (2). Thus, at least one of the regions predicted to 
have a possible role in DNA binding may also b® an important 
autoepitope. Recent studies from our laboratory suggest that 
the majority of autoantibodies to p70 in most sera from 
patients with SUE are reactive with this region. 3 * 0 

The observation that antibodies e luted from th© 70.34 fu- 
sion protein were specific for p70, and displayed no cross- 
reactivity with p80 suggests that the carbosyl-terminal 239 
residues of p70 may not have extensive homology with pSO, 
an interpretation that is also supported by the observation 
that p70 cDNA hybridized with a single poly(A) + RNA (Fig. 
5). It seems unlikely, therefore, that p70 and pSO are derived 
from a single gene by an alternative splicing mechanism. Th® 
possibility that p70 is derived from proteolytic cleavage of p80 
is also highly unlikely. The immunologic cross-reactivity of 
p70 and pSO previously reported (6) may therefore reflect a 
relatively short region of p80 amino acid sequence similarity, 
possibly near the amino terminus of p70. We have been unable 
to test this possibility due to difficulties obtaining fusion 
proteins containing the amino-terminal 115 amino acids of 
p70. Although clone 70.5 contains these residues and was 
obtained by antibody screening, only trace amounts of fusion 
protein were produced by E. coli Y1039 lysogenized by this 
clone. Furthermore, we have been unable to express this 
region in a variety of plasmid expression vectors. 4 The diffi- 
culty in expressing this region might relate to amino acid 

4 W. H. Reeves and Z. M. Sthoeger, unpublished observations. 
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sequences analogous to those that target certain proteins for 
rapid degradation in eukaryotic cells (48), or to low levels of 
synthesis and/or a high rate of degradation of the raRNA- 
Direct comparison of the sequence of p70 with that of p80, 
when available, may be necessary to localize the region (s) of 
immunologic similarity (6) between the two proteins. How 
autoimmunity to the p70 antigen develops, why it is closely 
linked to autoimmunity to p£0, and whether the function of 
p70/p80 ia related to the development of autoimmunity to the 
complex remain unanswered questions. The availability of the 
cloned autoantigens may be valuable in addressing these 
issues. 
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VERSION 
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REFERENCE 
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REMARK 



REFERENCE 
AUTHORS 
TITLE 

JOURNAL 
PUBMED 
REMARK 



REFERENCE 
AUTHORS 
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JOURNAL 
PUBMED 
REMARK 



REFERENCE 
AUTHORS 
TITLE 

JOURNAL 



NM_001469 2156 bp mRNA linear PRI 17-SEP-2006 

Homo sapiens X-ray repair complementing defective repair in Chinese 
hamster cells 6 (Ku autoantigen, 70kDa) (XRCC6) , mRNA. 
NM_001469 

NM_00146 9 . 3 GI : 51093847 

Homo sapiens (human) 
Homo sapiens 

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi ; 
Mammalia; Eutheria; Euarchontoglires ; Primates; Haplorrhini; 
Catarrhini ; Hominidae; Homo. 

1 (bases 1 to 2156) 

Silvera,D., Koloteva-Levine , N. , Burma, S. and Elroy-Stein, O . 
Effect of Ku proteins on IRES-mediated translation 
Biol. Cell 98 (6), 353-361 (2006) 
16448389 

GeneRIF: The present study suggests that Ku binds IRES -(internal 
ribosomal entry site) elements within RNA molecules, and that Ku 
plays a role in the modulation of IRES- mediated mRNA translation. 

2 (bases 1 to 2156) 

Spagnolo,L., Rivera -Calzada, A. , Pearl, L.H. and Llorca,0. 
Three-dimensional structure of the human DNA-PKcs/Ku70/Ku80 complex 
assembled on DNA and its implications for DNA DSB repair 
Mol. Cell 22 (4), 511-519 (2006) 
16713581 

GeneRIF: Dimeric particles are observed in which two 

DNA-PKcs/Ku70/Ku80 holoenzymes interact through the N-terminal HEAT 
repeats . 

3 (bases 1 to 2156) 

Zhu,P., Zhang, D., Chowdhury , D . , Martinvalet , D . , Keefe,D., Shi,L. 
and Lieberman,J. 

Granzyme A, which causes single -stranded DNA damage, targets the 
double -strand break repair protein Ku7 0 
EMBO Rep. 7 (4), 431-437 (2006) 
16440001 

GeneRIF: Ku70 has other ant iapoptotic functions in Granzyme A 
(GzmA) -induced cell death, which are blocked when GzmA proteolyses 
Ku70 

4 (bases 1 to 2156) 

Martinez, J.J. , Seveau,S., Veiga,E., Matsuyama,S. and Cossart,P. 
Ku70, a component of DNA-dependent protein kinase, is a mammalian 
receptor for Rickettsia conorii 
Cell 123 (6), 1013-1023 (2005) 
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16360032 

GeneRIF: Ku70 is a receptor for the rickettsial protein rOmpB . 
Bacterial internalization is dependent on the presence of 
cholesterol -enriched microdomains containing Ku70. 

5 (bases 1 to 2156) 

Lee ; J.C, Lee,C.H., Su,C.L., Huang, C.W., Liu,H.S., Lin, C.N. and 
Won , S . J . 

Justicidin A decreases the level of cytosolic Ku70 leading to 
apoptosis in human colorectal cancer cells 
Carcinogenesis 26 (10) , 1716-1730 (2005) 
15905197 

GeneRIF: The level of Ku70 in the cytoplasm was decreased, but that 
of Bax in mitochondria was increased by justicidin A in colorectal 
cancer cells. 

6 (bases 1 to 2156) 

Stelzl,U., Worm,U., Lalowski , M . , Haenig,C, Brembeck, F. H. , 
Goehler,H. , StroedicJce, M . , Zenkner,M., Schoenherr , A. , Koeppen,S., 
Timm,J., Mintzlaf f , S . , Abraham, C. , Bock,N. , Kietzmann, S . , 
Goedde,A., Toksoz,E., Droege,A., Krobitsch, S . , Korn,B., 
Birchmeier , W. , Lehrach,H. and Wanker, E.E. 

A human protein-protein interaction network: a resource for 
annotating the proteome 
Cell 122 (6), 957-968 (2005) 
16169070 

7 (bases 1 to 2156) 

Feki,A., Jef f ord, C. E. , Berardi,P., Wu,J.Y., Cartier,L., Krause,K.H. 
and Irminger -Finger, I . 

BARD1 induces apoptosis by catalysing phosphorylation of p53 by 
DNA-damage response kinase 
Oncogene 24 (23), 3726-3736 (2005) 
15782130 

8 (bases 1 to 2156) 

Ting,N.S., Yu,Y., Pohorelic , B . , Lees-Miller, S . P . and Beattie,T.L. 
Human Ku70/80 interacts directly with hTR, the RNA component of 
human telomerase 

(er) Nucleic Acids Res. 33 (7), 2090-2098 (2005) 
15824061 

GeneRIF; Ku70/80 interacts directly with the RNA component of human 
telomerase, independent of the human telomerase reverse 
transcriptase protein. 

9 (bases 1 to 2156) 

Ayene , I . S . , Ford , L . P . and Koch , C . J . 

Ku protein targeting by Ku7 0 small interfering RNA enhances human 
cancer cell response to topoisomerase II inhibitor and gamma 
radiation 

Mol. Cancer Ther. 4 (4), 529-536 (2005) 
15827325 

GeneRIF: Ku70 has a role in human cancer cell sensitization to 
radiation and etoposide treatments 

10 (bases 1 to 2156) 

Mayeur,G.L., Kung,W.J., Martinez, A., Izumiya,C, Chen, D.J. and 
Kung , H . J . 

Ku is a novel transcriptional recycling coactivator of the androgen 

receptor in prostate cancer cells 

J. Biol. Chem. 280 (11), 10827-10833 (2005) 

15640154 

11 (bases 1 to 2156) 

Mischo,H.E., Hemmerich, P . , Grosse,F. and Zhang, S. 

Actinomycin D induces histone gamma-H2AX foci and complex formation 
of gamma -H2AX with Ku70 and nuclear DNA helicase II 
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280 (10), 9586-9594 (2005) 



J. Biol. Chem. 
15613478 

GeneRIF: Histone gamma-H2AX promotes binding of nuclear DNA 
helicase II to transcriptionally stalled sites on chromosomal DNA. 
12 (bases 1 to 2156) 

Wang,Q., Zhang, Z., Blackwell,K. and Carmichael , G . G . 

Vigil ins bind to promiscuously A- to- I -edited RNAs and are involved 
in the formation of heterochromatin 
Curr. Biol. 15 (4), 384-391 (2005) 
15723802 

to 2156) 



Ong , S . E . , Lyon , C . E . , 



Waelter , S . , 
Knoblich,M 



Stroedicke , M 
, Haenig, C . , 



13 (bases 1 

Andersen, J. S. , Lam,Y.W., Leung, A. K. 
Lamond,A.I. and Mann f M. 
Nucleolar proteome dynamics 
Nature 433 (7021), 77-83 (2005) 
15635413 

14 (bases 1 to 2156) 

Goehler,H. , Lalowski, M. , Stelzl,U. , 
Worm,U., Droege,A. , Lindenberg, K. S . 
Herbs t,M., Suopanki , *J . , Scherzinger , E . , Abraham, C. , Bauer, B., 
Hasenbank, R. , Fritzsche, A. , Ludewig,A.H. , Bussow,K., Coleman, S . H. , 
Gutekunst , C. A. , Landwehrmeyer , B . G . , Lehrach,H. and Wanker, E.E. 
A protein interaction network links GIT1, an enhancer of huntingtin 
aggregation, to Huntington's disease 
Mol. Cell 15 (6), 853-865 (2004) 
15383276 

Erratum: [Mol Cell. 2005 Jul 22 ; 19 (2 ) : 287 . Buessow, Konrad 
[corrected to Bussow, Konrad] ] 

15 (bases 1 to 2156) 

Beausoleil , S . A. , Jedrychowski , M. , Schwartz, D . , Elias, J. E . , 
Villen,J., Li, J., Conn, M. A., Cantley,L.C. and Gygi,S.P. 
Large-scale characterization of HeLa cell nuclear phosphoproteins 
Proc. Natl. Acad. Sci. U.S.A. 101 (33), 12130-12135 (2004) 
15302935 

16 (bases 1 to 2156) 

Diederichs , S . , Baumer,N. , Ji,P., Metzelder , S . K. , Idos,G.E., 
Cauvet,T., Wang,W., Moller,M., Pierschalski , S . , Gromoll,J., 
Schrader, M.G. , Koef f ler , H . P . , Berdel,W.E., Serve, H. and 
Muller-Tidow, C . 

Identification of interaction partners and substrates of the cyclin 
A1-CDK2 complex 

J. Biol. Chem. 279 (32), 33727-33741 (2004) 
15159402 

17 (bases 1 to 2156) 

Sawchuk , D . J . , Mansilla-Soto, J. , Alarcon,C, Singha,N.C, Langen,H., 
Bianchi, M.E. , Lees -Miller , S . P . , Nussenzweig, M. C . and Cortes, P. 
Ku70/Ku80 and DNA-dependent protein kinase catalytic subunit 
modulate RAG-mediated cleavage: implications for the enforcement of 
the 12/23 rule 

J. Biol. Chem. 279 (28), 29821-29831 (2004) 
15123719 

GeneRIF: Results show that Ku70/Ku80 and DNA-dependent protein 
kinase catalytic subunit (DNA-PKcs) modulate RAG-mediated cleavage 
during V(D)J recombination. 

18 (bases 1 to 2156) 

Colland,F., Jacq,X., Trouplin, V. , Mougin,C, Groizeleau, C . , 
Hamburger, A. , Meil,A., Wojcik,J., Legrain,P. and Gauthier , J . M . 
Functional proteomics mapping of a human signaling pathway 
Genome Res. 14 (7), 1324-1332 (2004) 
15231748 
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19 (bases 1 to 2156) 

Murata,L.B., Dodson,M.S. and Hall, J. D. 

A human cellular protein activity (OF-1) , which binds herpes 
simplex virus type 1 origin, contains the Ku70/Ku80 heterodimer 
J. Virol. 78 (14), 7839-7842 (2004) 
15220460 

GeneRIF: DNA-binding component of human OF-1 (which binds Herpes 
simplex virus type 1 origin of replication) contains Ku70 and Ku80 
proteins 

20 (bases 1 to 2156) 

Wang,H., Fang,R., Cho,J.Y., Libermann, T. A. and Oettgen,P. 
Positive and negative modulation of the transcriptional activity of 
the ETS factor ESE-1 through interaction with p300, CREB-binding 
protein, and Ku 70/86 

J. Biol. Chem. 279 (24), 25241-25250 (2004) 
15075319 

GeneRIF: activity of ESE-1 is positively and negatively modulated 
by other interacting proteins including Ku70, Ku86, p300, and CBP. 

21 (bases 1 to 2156) 

Li,B., Navarro, S., Kasahara,N. and Comai,L. 

Identification and biochemical characterization of a Werner's 
syndrome protein complex with Ku70/80 and poly (ADP-ribose) 
polymerase - 1 

J. Biol. Chem. 279 (14), 13659-13667 (2004) 
14734561 

GeneRIF: (ADP-ribosyl) ation of Ku70/80 reduces the ability of this 
factor to stimulate WRN exonuclease, suggesting that covalent 
modification of Ku70/80 by PARP-1 may play a role in the regulation 
of the exonucleolytic activity of WRN. 

22 (bases 1 to 2156) 

Monf erran, S . , Muller,C, Mourey,L., Frit, P. and Salles,B. 
The Membrane -associated form of the DNA repair protein Ku is 
involved in cell adhesion to fibronectin 
J. Mol. Biol. 337 (3), 503-511 (2004) 
15019772 

GeneRIF: cell -surface Ku functions as an adhesion receptor for 
fibronectin; both Ku70 and Ku80 present a structural relationship 
with integrin I (or A) domains and the Al and A3 domains of von 
Willebrand factor, domains known to be involved in Fn binding 

23 (bases 1 to 2156) 

Korabiowska,M. , Bauer, H. , Quentin,T., Stachura, J. , Cordon - Cardo, C. 
and Brinck,U. 

Application of new in situ hybridization probes for Ku70 and Ku80 
in tissue microarrays of paraffin -embedded malignant melanomas: 
correlation with immunohistochemical analysis 
Hum. Pathol. 35 (2), 210-216 (2004) 
14991539 

GeneRIF: Expression of both genes was down- regulated as melanoma 
progressed. In situ hybridization demonstrated more Ku70- and 
Ku80 -positive cells than immunohistochemical methods, but the 
correlation between the two methods was highly significant (P 
<0.01) . 

24 (bases 1 to 2156) 
Lim,J.W., Kim,H. and Kim, K . H . 

The Ku antigen-recombination signal -binding protein Jkappa complex 
binds to the nuclear f actor-kappaB p50 promoter and acts as a 
positive regulator of p50 expression in human gastric cancer cells 
J. Biol. Chem. 279 (1), 231-237 (2004) 
14570916 

GeneRIF: Ku antigen interacts with RBP- Jkappa and NF-kappaB p50 may 
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act as a positive regulator of p50 expression in gastric cancer AGS 
cells . 

25 (bases 1 to 2156) 

Collins, J. E. , Wright, C.L., Edwards , C . A. , Davis, M. P., Grinham, J. A. , 
Cole,C.G., Goward,M.E., Aguado,B., Mallya,M., Mokrab,Y., 
Huckle,E.J., Beare,D.M. and Dunham, I. 

A genome annotation -driven approach to cloning the human ORFeome 

Genome Biol. 5 (10), R84 (2004) 

15461802 

26 (bases 1 to 2156) 

Park, E. J., Chan,D.W., Park, J. H. , Oettinger, M. A. and Kwon, J. 
DNA-PK is activated by nucleosomes and phosphorylates H2AX within 
the nucleosomes in an acetylation-dependent manner 
Nucleic Acids Res. 31 (23), 6819-6827 (2003) 
14627815 

GeneRIF: DNA-PK can be activated by nucleosomes through the ability 
of Ku to bind to the ends of nucleosomal DNA, and that the 
activated DNA-PK is capable of phosphorylating H2AX within the 
nucleosomes 

27 (bases 1 to 2156) 

Song, J. Y . , Lim,J.W., Kim,H., Morio,T. andKim,K.H. 

Oxidative stress induces nuclear loss of DNA repair proteins Ku70 
and Ku80 and apoptosis in pancreatic acinar AR42J cells 
J. Biol. Chem. 278 (38), 36676-36687 (2003) 
12867423 

GeneRIF: DNA repair proteins Ku7 0 and Ku8 0 expression is lost in 
cell nucleus after oxidative stress 

28 (bases 1 to 2156) 

Goudelock, D . M. , Jiang, K. , Pereira,E., Russell, B. and Sanchez, Y. 
Regulatory interactions between the checkpoint kinase Chkl and the 
proteins of the DNA-dependent protein kinase complex 
J. Biol. Chem. 278 (32), 29940-29947 (2003) 
12756247 

29 (bases 1 to 2156) 

Schaffer,A., Kim,E.C, Wu,X., Zan,H., Testoni,L., Salamon,S., 
Cerutti,A. and Casali,P. 

Selective inhibition of class switching to IgG and IgE by 
recruitment of the HoxC4 and Oct-1 homeodomain proteins and 
Ku70/Ku86 to newly identified ATTT cis-elements 
J. Biol. Chem. 278 (25), 23141-23150 (2003) 
12672812 

30 (bases 1 to 2156) 
Ko,L. and Chin,W.W. 

Nuclear receptor coactivator thyroid hormone receptor-binding 
protein (TRBP) interacts with and stimulates its associated 
DNA-dependent protein kinase 

J. Biol. Chem. 278 (13), 11471-11479 (2003) 
12519782 

31 (bases 1 to 2156) 

Calsou,P., Delteil,C, Frit, P., Drouet, J. and Salles,B. 
Coordinated assembly of Ku and p460 subunits of the DNA-dependent 
protein kinase on DNA ends is necessary for XRCC4-ligase IV 
recruitment 

J. Mol. Biol. 326 (1), 93-103 (2003) 
125 47193 

GeneRIF: Coordinated assembly of Ku and p460 subunits of the 
DNA-dependent protein kinase on DNA ends is necessary for 
XRCC4-ligase IV recruitment 

32 (bases 1 to 2156) 

Kurosawa, A. , Shinohara, K. , Watanabe, F. , Shimizu-Saito, K. , 
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Koiwai,0., Yamamoto,K. and Teraoka,H. 

Human neutrophils isolated from peripheral blood contain Ku protein 

but not DNA-dependent protein kinase 

Int. J. Biochem. Cell Biol. 35 (1), 86-94 (2003) 

12467650 

GeneRIF: Transcripts of Ku70 and Ku86 genes were detected by RT-PCR 
and Ku protein was localized in the nucleus of neutrophils as a 
heterodimer 

33 (bases 1 to 2156) 

Chai,W., Ford, L. P., Lenertz,L., Wright, W.E. and Shay, J. W. 
Human Ku70/80 associates physically with telomerase through 
interaction with hTERT 

J. Biol. Chem. 277 (49), 47242-47247 (2002) 
12377759 

GeneRIF: Ku associates with hTERT, and this interaction may 
function to regulate the access of telomerase to telomeric DNA ends 

34 (bases 1 to 2156) 
Lim,J.W., Kim,H. and Kim, K. H . 

Expression of Ku70 and Ku80 mediated by NF-kappa B and 
cyclooxygenase-2 is related to proliferation of human gastric 
cancer cells 

J. Biol. Chem. 277 (48), 46093-46100 (2002) 
12324457 

GeneRIF: role of expression in NF-kappaB activation and COX-2 
expression 

35 (bases 1 to 2156) 

Madani,N., Millette,R., Platt,E.J., Marin, M. , Kozak,S.L. # 
Bloch,D.B. and Kabat,D. 

Implication of the lymphocyte -specific nuclear body protein Spl40 
in an innate response to human immunodeficiency virus type 1 
J. Virol. 76 (21), 11133-11138 (2002) 
12368356 

36 (bases 1 to 2156) 

Ohta,S., Shiomi,Y., Sugimoto,K., Obuse,C. and Tsurimoto,T. 
A proteomics approach to identify proliferating cell nuclear 
antigen (PCNA) -binding proteins in human cell lysates . 
Identification of the human CHL12/RFCs2 -5 complex as a novel 
PCNA-binding protein 

J. Biol. Chem. 277 (43), 40362-40367 (2002) 
12171929 

37 (bases 1 to 2156) 

Norwitz, E.R. , Xu,S., Xu,J., Spiryda,L.B. , Park, J. S . , Jeong,K.H., 
McGee , E . A. and Kaiser, U.B. 

Direct binding of AP-1 (Fos/Jun) proteins to a SMAD binding element 
facilitates both gonadotropin- releasing hormone (GnRH) - and 
activin-mediated transcriptional activation of the mouse GnRH 
receptor gene 

J. Biol. Chem. 277 (40), 37469-37478 (2002) 
12145309 

38 (bases 1 to 2156) 
Willis, D.M. , Loewy,A.P. , 
Ornitz,D.M. and Towler,D.A. 

Regulation of osteocalcin gene expression by a 
transcription factor complex 

J. Biol. Chem. 277 (40), 37280-37291 (2002) 
12145306 

regulates osteocalcin gene expression 
1 to 2156) 



Charl ton-Kachigian , N . , Shao, J.S. , 

nove 1 Ku an t igen 



GeneRIF : 
39 (bases 

Niwa,J., Ishigaki,S., Hishikawa , N . , Yamamoto,M 

Murata,S., Tanaka,K., Taniguchi,N. and Sobue,G 



Doyu , M 
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Dorfin ubiquitylates mutant SOD1 and prevents mutant SOD1 -mediated 
neurotoxicity 

J. Biol. Chem. 277 (39), 36793-36798 (2002) 
12145308 

40 (bases 1 to 2156) 
Zipper, L.M. and Mulcahy,R.T. 

The Keapl BTB/POZ dimerization function is required to sequester 
Nrf2 in cytoplasm 

J. Biol. Chem. 277 (39), 36544-36552 (2002) 
12145307 

41 (bases 1 to 2156) 
Koike , M . 

Dimerization, translocation and localization of Ku70 and Ku80 
proteins 

J. Radiat. Res. 43 (3), 223-236 (2002) 

12518983 

Review article 

GeneRIF: The mechanism that regulates for nuclear localization of 
Ku70 and Ku80 appears to play, at least in part, a key role in 
regulating the physiological function of Ku in vivo. 

42 (bases 1 to 2156) 

Korabiowska, M. , Tscherny,M. , Stachura, J. , Ruschenburg, I . , 
Cordon - Ca rdo, C . and Brinck,U. 

Relationship between DNA mismatch repair genes expression, Ku-genes 
expression and ploidy-related parameters in the progression of 
pigmented lesions of the skin 
In Vivo 16 (5), 317-321 (2002) 
12494870 

GeneRIF: In naevus cell naevi , significant correlations were found 
between Ku70/80 gene expression and some ploidy-related parameters. 

43 (bases 1 to 2156) 

Karmakar, P. , Snowden, C . M . , Ramsden,D.A. and Bohr, V. A. 

Ku heterodimer binds to both ends of the Werner protein and 

functional interaction occurs at the Werner N-terminus 

Nucleic Acids Res. 30 (16), 3583-3591 (2002) 

12177300 

GeneRIF: Ku heterodimer binds to both ends of the Werner protein 
and functional interaction occurs at the Werner N-terminus 

44 (bases 1 to 2156) 
Ma,Y. and Lieber,M.R. 

Binding of inositol hexakisphosphate (IP6) to Ku but not to 
DNA-PKcs 

J. Biol. Chem. 277 (13), 10756-10759 (2002) 
11821378 

GeneRIF: binding with inositol hexakisphosphate 

45 (bases 1 to 2156) 

Arosio,D., Cui,S., Ortega, C, ChovanecM., Di Marco, S., Baldini,G., 
Falaschi,A. and Vindigni,A. 

Studies on the mode of Ku interaction with DNA 
J. Biol. Chem. 277 (12), 9741-9748 (2002) 
11796732 

GeneRIF: Studies on the mode of Ku interaction with DNA 

46 (bases 1 to 2156) 

Andersen, J. S . , Lyon,C.E., Fox,A.H., Leung, A. K. , Lam,Y.W., Steen,H., 
Mann , M . and Lamond , A . I . 

Directed proteomic analysis of the human nucleolus 

Curr. Biol. 12 (1), 1-11 (2002) 

11790298 

47 (bases 1 to 2156) 
Kelavkar,U. , Wang,S. and Badr,K. 
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Divergence in intracellular signaling between interleukin-4 (IL-4) 
and IL-13 in human cells localizes to monomeric/dimeric expression 
of a transcription factor, the lupus autoantigen 70/80, induced by 
both cytokines 

Adv. Exp. Med. Biol. 507, 483-489 (2002) 
12664629 

GeneRIF: This autoantigen is induced by a divergence in 
intracellular signaling between IL-4 and IL-13. 

48 (bases 1 to 2156) 
Kelavkar,U\, Wang,S. and Badr,K. 

KU 70/80 lupus autoantigen is the transcription factor induced by 
interleukins (IL) -13 and -4 leading to induction of 15 - lipoxygenase 
(15-LO) in human cells 

Adv. Exp. Med. Biol. 507, 469-481 (2002) 
12664628 

GeneRIF: This antigen acts as the transcription factor induced by 
interleukins (IL) -13 and -4 leading to induction of 15 -lipoxygenase 
(15-LO) in human cells. 

49 (bases 1 to 2156) 

Park, S. J., Oh,E.J., Yoo,M.A. and Lee f S.H. 

Involvement of DNA-dependent protein kinase in regulation of 

stress-induced JNK activation 

DNA Cell Biol. 20 (10), 637-645 (2001) 

11749722 

50 (bases 1 to 2156) 

Walker , J. R. , Corpina,R.A. and Goldberg, J. 

Structure of the Ku heterodimer bound to DNA and its implications 
for double -strand break repair 
Nature 412 (6847) , 607-614 (2001) 
11493912 

51 (bases 1 to 2156) 

Li , L . , 01vera,J.M., Yoder,K.E., Mitchell , R . S . , Butler, S.L., 
Lieber,M., Martin,S.L. and Bushman, F.D. 

Role of the non -homologous DNA end joining pathway in the early 
steps of retroviral infection 
EMBO J. 20 (12) , 3272-3281 (2001) 
11406603 

52 (bases 1 to 2156) 

Schild-Poulter, C. , Pope,L., Giffin,W., Kochan , J . C . , Ngsee,J.K., 
Traykova - Andonova , M . and Hache , R . J . 

The binding of Ku antigen to homeodomain proteins promotes their 
phosphorylation by DNA-dependent protein kinase 
J. Biol. Chem. 276 (20), 16848-16856 (2001) 
11279128 

53 (bases 1 to 2156) 

Song,K., Jung,Y., Jung,D. and Lee, I. 

Human Ku70 interacts with heterochromat in protein lalpha 

J. Biol. Chem. 276 (11), 8321-8327 (2001) 

11112778 

54 (bases 1 to 2156) 
Balajee,A.S. and Geard,C.R. 

Chromatin -bound PCNA complex formation triggered by DNA damage 
occurs independent of the ATM gene product in human cells 
Nucleic Acids Res. 29 (6), 1341-1351 (2001) 
11239001 

55 (bases 1 to 2156) 

Romero, F. , Multon,M.C. , Ramos -Morales , F. , Dominguez, A. , 
Bernal,J.A., Pintor-Toro , J . A. and Tortolero,M. 
Human securin, hPTTG , is associated with Ku heterodimer, the 
regulatory subunit of the DNA-dependent protein kinase 



http://\vww.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=5 1093847 



10/13/2006 



NCBI Sequence Viewer v2.0 



4. 




Page 9 of 14 



JOURNAL 
PUBMED 
REFERENCE 
AUTHORS 

TITLE 

JOURNAL 
PUBMED 
REFERENCE 
AUTHORS 

TITLE 

JOURNAL 
PUBMED 
REMARK 
REFERENCE 
AUTHORS 
TITLE 

JOURNAL 
PUBMED 
REFERENCE 
AUTHORS 

TITLE 

JOURNAL 
PUBMED 
REFERENCE 
AUTHORS 
TITLE 
JOURNAL 
PUBMED 
REFERENCE 
AUTHORS 
TITLE 
JOURNAL 
PUBMED 
REFERENCE 
AUTHORS 

TITLE 
JOURNAL 
PUBMED 
REFERENCE 
AUTHORS 

TITLE 



JOURNAL 
PUBMED 
REFERENCE 
AUTHORS 

TITLE 
JOURNAL 
PUBMED 



Nucleic Acids Res. 29 (6), 1300-1307 (2001) 
11238996 

56 (bases 1 to 2156) 

Pucci,S., Mazzarelli, P. , Rabitti , C . , Giai,M., Gallucci,M., 
Flammia,G. , Alcini,A., Altomare , V . and Fazio, V.M. 

Tumor specific modulation of KU70/80 DNA binding activity in breast 
and bladder human tumor biopsies 
Oncogene 20 (6) , 739-747 (2001) 
11314007 

57 (bases 1 to 2156) 

Daniel, R., Katz , R . A. , Merkel,G., Hittle,J.C, Yen, T.J. and 
Skalka, A.M. 

Wortmannin potentiates integrase-mediated killing of lymphocytes 
and reduces the efficiency of stable transduction by retroviruses 
Mol. Cell. Biol. 21 (4), 1164-1172 (2001) 
11158303 

Erratum: [Mol Cell Biol 2001 Apr ; 21 (7) : 2617] 

58 (bases 1 to 2156) 

Tang,D., Xie,Y., Zhao,M., Stevenson, M . A . and Calderwood, S . K. 
Repression of the HSP70B promoter by NFIL6, Ku70, and MAPK involves 
three complementary mechanisms 

Biochem. Biophys . Res. Commun . 280 (1), 280-285 (2001) 
11162511 

59 (bases 1 to 2156) 

Baekelandt , V. , Claeys,A., Cherepanov, P . , De Clercq,E., De 
Strooper,B., Nuttin,B. and Debyser,Z. 

DNA-Dependent protein kinase is not required for efficient 
lentivirus integration 

J. Virol. 74 (23), 11278-11285 (2000) 
11070027 

60 (bases 1 to 2156) 

Song,K., Jung,D., Jung,Y., Lee,S.G. and Lee, I. 
Interaction of human Ku7 0 with TRF2 
FEBS Lett. 481 (1), 81-85 (2000) 
10984620 

61 (bases 1 to 2156) 

Nick McElhinny, S . A. , Snowden, C. M . , McCarville , J. and Ramsden,D.A. 
Ku recruits the XRCC4-ligase IV complex to DNA ends 
Mol. Cell. Biol. 20 (9), 2996-3003 (2000) 
10757784 

62 (bases 1 to 2156) 

Cooper, M. P., Machwe,A., Orren # D.K. , Brosh,R.M., Ramsden,D. and 
Bohr, V. A. 

Ku complex interacts with and stimulates the Werner protein 

Genes Dev. 14 (8) , 907-912 (2000) 

10783163 

63 (bases 1 to 2156) 

Sartorius , C . A. , Takimoto , G . S . , Richer , J. K. , Tung,L. and 
Horwitz, K. B . 

Association of the Ku autoantigen/DNA-dependent protein kinase 

holoenzyme and poly (ADP-ribose) polymerase with the DNA binding 

domain of progesterone receptors 

J. Mol. Endocrinol. 24 (2), 165-182 (2000) 

10750018 

64 (bases 1 to 2156) 

Mahajan, K.N. , Gangi - Peterson , L . , Sorscher , D . H . , Wang, J., 
Gathy,K.N., Maha j an, N . P . , Reeves, W.H. and Mitchell , B . S . 
Association of terminal deoxynucleotidyl transferase with Ku 
Proc. Natl. Acad. Sci. U.S.A. 96 (24), 13926-13931 (1999) 
10570175 
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65 (bases 1 to 2156) 

Goedecke,W., Eijpe,M., Of f enberg, H . H . , van Aalderen,M. and 
Heyting, C . 

Mrell and Ku70 interact in somatic cells, but are differentially 

expressed in early meiosis 

Nat. Genet. 23 (2), 194-198 (1999) 

10508516 

66 (bases 1 to 2156) 
Gell,D. and Jackson, S . P . 

Mapping of protein-protein interactions within the DNA-dependent 
protein kinase complex 

Nucleic Acids Res. 27 (17), 3494-3502 (1999) 
10446239 

67 (bases 1 to 2156) 

Morio,T., Hanissian, S . H . , Bacharier , L . B . , Teraoka,H., Nonoyama,S., 
Seki,M., Kondo,J., Nakano,H., Lee,S.K., Geha,R.S. and Yata,J. 
Ku in the cytoplasm associates with CD40 in human B cells and 
translocates into the nucleus following incubation with IL-4 and 
anti-CD4 0 mAb 

Immunity 11 (3), 339-348 (1999) 
10514012 

68 (bases 1 to 2156) 

Yang,C.R., Yeh,S., Leskov,K. , Odegaard,E., Hsu,H.L. , Change. , 

Kinsella, T. J. , Chen,D.J. and Boothman, D. A. 

Isolation of Ku70 -binding proteins (KUBs) 

Nucleic Acids Res. 27 (10), 2165-2174 (1999) 

10219089 

69 (bases 1 to 2156) 

Singleton, B . K. , Torres -Arzayus , M . I . , Rottinghaus , S . T . , 
Taccioli , G . E . and Jeggo,P.A. 

The C terminus of Ku80 activates the DNA-dependent protein kinase 
catalytic subunit 

Mol. Cell. Biol. 19 (5), 3267-3277 (1999) 
10207052 

70 (bases 1 to 2156) 

Daniel, R., Katz,R.A. and Skalka,A.M. 

A role for DNA-PK in retroviral DNA integration 

Science 284 (5414), 644-647 (1999) 

10213687 

71 (bases 1 to 2156) 

Grandvaux , N . , Grizot,S., Vignais,P.V. and Dagher,M.C. 

The Ku7 0 autoantigen interacts with p4 0phox in B lymphocytes 

J. Cell. Sci. 112 (PT 4), 503-513 (1999) 

9914162 

72 (bases 1 to 2156) 
Baumann,P. and West,S.C. 

DNA end- joining catalyzed by human cell -free extracts 
Proc. Natl. Acad. Sci. U.S.A. 95 (24), 14066-14070 (1998) 
9826654 

73 (bases 1 to 2156) 

Kumaravel , T. S . , Bharathy,K., Kudoh,S., Tanaka,K. and Kamada,N. 
Expression, localization and functional interactions of Ku70 
subunit of DNA- PK in peripheral lymphocytes and Nalm-19 cells after 
irradiation 

Int. J. Radiat. Biol. 74 (4), 481-489 (1998) 
9798959 

74 (bases 1 to 2156) 

Barlev,N.A. # Poltoratsky , V. , Owen - Hughes , T . , Ying,C, Liu , L . , 
Workman, J. L. and Berger,S.L. 

Repression of GCN5 histone acetyltransf erase activity via 
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bromodoma in -mediated binding and phosphorylation by the 
Ku-DNA-dependent protein kinase complex 
Mol. Cell. Biol. 18 (3), 1349-1358 (1998) 
9488450 

75 (bases 1 to 2156) 

Bandyopadhyay,D. , Mandal,M., Adam,L., Mendelsohn, J . and Kumar, R. 
Physical interaction between epidermal growth factor receptor and 
DNA-dependent protein kinase in mammalian cells 
J. Biol. Chem. 273 (3), 1568-1573 (1998) 
9430697 

76 (bases 1 to 2156) 

Jin,S., Kharbanda , S . , Mayer, B., Kufe,D. and Weaver, D.T. 
Binding of Ku and c-Abl at the kinase homology region of 
DNA-dependent protein kinase catalytic subunit 
J. Biol. Chem. 272 (40), 24763-24766 (1997) 
9312071 

77 (bases 1 to 2156) 

Gu,Y., Jin,S., Gao,Y., Weaver, D.T. and Alt,F.W. 
Ku70 -deficient embryonic stem cells have increased ionizing 
radiosensitivity, defective DNA end-binding activity, and inability 
to support V(D)J recombination' 

Proc. Natl. Acad. Sci. U.S.A. 94 (15), 8076-8081 (1997) 
9223317 

78 (bases 1 to 2156) 
Smider,V. and Chu,G. 

The end- joining reaction in V(D)J recombination 

Semin. Immunol. 9 (3), 189-197 (1997) 

9200330 

Review article 

79 (bases 1 to 2156) 

Warriar,N., Page,N. and Govindan, M. V, 

Expression of human glucocorticoid receptor gene and interaction of 
nuclear proteins with the transcriptional control element 
J. Biol. Chem. 271 (31), 18662-18671 (1996) 
8702520 

80 (bases 1 to 2156) 

Chung, U. , Igarashi,T., Nishishita , T. , Iwanari,H., Iwamatsu,A. , 
Suwa,A., Mimori,T., Hata,K., Ebisu,S., Ogata, E., Fujita,T. and 
Okazaki , T. 

The interaction between Ku antigen and REF1 protein mediates 
negative gene regulation by extracellular calcium 
J. Biol. Chem. 271 (15), 8593-8598 (1996) 
8621488 

81 (bases 1 to 2156) 

Romero, F., Dargemont , C . , Pozo,F., Reeves, W.H., Camonis, J. , 
Gisselbrecht , S . and Fischer, S. 

p95vav associates with the nuclear protein Ku-70 

Mol. Cell. Biol. 16 (1), 37-44 (1996) 

8524317 

82 (bases 1 to 2156) 

Tuteja,N., Tuteja,R., Ochem,A. , Taneja,P., Huang, N.W., 
Simoncsits, A. , Susie, S., Rahman, K. , Marusic,L., Chen, J. et al . 
Human DNA helicase II: a novel DNA unwinding enzyme identified as 
the Ku autoantigen 

EMBO J. 13 (20) , 4991-5001 (1994) 
7957065 

83 (bases 1 to 2156) 
Kaczmarski , W . and Khan, S. A. 

Lupus autoantigen Ku protein binds HIV-1 TAR RNA in vitro 
Biochem. Biophys . Res. Commun. 196 (2), 935-942 (1993) 
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FEATURES 



8240370 

84 (bases 1 to 2156) 

Higashiura, M. , Shimizu,Y., Tanimoto,M., Morita,T. and Yagura f T. 
Immunolocalization of Ku-proteins (p80/p70) : localization of p70 to 
nucleoli and periphery of both interphase nuclei and metaphase 
chromosomes 

Exp. Cell Res. 201 (2) f 444-451 (1992) 
1639139 

85 (bases 1 to 2156) 

Griffith, A.J. , Craft , J. , Evans, J., Mimori,T. and Hardin, J. A. 
Nucleotide sequence and genomic structure analyses of the p70 
subunit of the human Ku autoantigen: evidence for a family of genes 
encoding Ku (p70) -related polypeptides 
Mol. Biol. Rep. 16 (2), 91-97 (1992) 
1608402 

86 (bases 1 to 2156) 
Reeves, W.H. and Sthoeger , Z . M . 

Molecular cloning of cDNA encoding the p70 (Ku) lupus autoantigen 

J. Biol. Chem. 264 (9), 5047-5052 (1989) 

2466842 

87 (bases 1 to 2156) 

Chan, J. Y., Lerman,M.I., Prabhakar , B . S . , lsozaki,0., Santisteban, P . 
Kuppers,R.C. , Oates,E.L., Notkins,A.L. and Kohn,L.D. 
Cloning and characterization of a cDNA that encodes a 70-kDa novel 
human thyroid autoantigen 

J. Biol. Chem. 264 (7), 3651-3654 (1989) 
2917966 

REVIEWED REFSEQ : This record has been curated by NCBI staff. The 
reference sequence was derived from CD683757 . 1 , AK055786 . 1 , 
BC018259.2 and BC012154.2 . 

On Aug 10, 2004 this sequence version replaced gi : 20070134 . 

Summary: The p70/p80 autoantigen is a nuclear complex consisting of 
two subunits with molecular masses of approximately 70 and 80 kDa. 
The complex functions as a single -stranded DNA-dependent 
ATP-dependent helicase. The complex may be involved in the repair 
of nonhomologous DNA ends such as that required for double -strand 
break repair, transposition, and V(D)J recombination. High levels 
of autoantibodies to p7 0 and p8 0 have been found in some patients 
with systemic lupus erythematosus. 
COMPLETENESS: complete on the 3* end. 



Location/Qualifiers 
1 . .2156 

/organism="Homo sapiens" 

/mol_type= "mRNA" 

/ db_xre f = " t axon : 9606 »■ 

/ chromosome = "22" 

/map="22ql3 .2-ql3 .31" 

1 . .2156 

/gene="XRCC6" 

/note= " synonyms : MLS , KU7 0, TLAA, CTC7 5, CTCBF, G22P1" 

/db xref ="GeneID : 2 547 " 

/ db_xr e f = " HGNC : 4055 " 

/db_xref ="HPRD : 01071 " 

/db_xref = "MIM : 152690 " 

71 . . 1900 

/gene="XRCC6" 

/go_component= "DNA-d ependent protein kinase complex ; 
membrane fract io n [pmid 2 917966 ] ; nucleus [pmid 10508516] ; 
transcription factor complex [pmid 12145306] " 
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%JF * 

/ go_f unc t i on= " ATP binding ; ATP -dependent DNA helicase 
activity [pmid 7957065 ] ; DNA binding ; double -stranded DNA 
binding [pmid 7957065 ] ; helicase activity ; hydrolase 
activity ; nucleotide binding ; protein binding [pmid 
12145306 ] " 

/go process=" DNA ligation [pmid 9826654 ] ; DNA 
recombination ; DNA repair ; double- strand break repair via 
nonhomologous end joining [pmid 10508516 ] ; positive 
regulation of transcription, DNA-dependent [pmid 
12145306 ] " 

/note=" thyroid autoantigen 70kDa (Ku antigen) ; thyroid 
autoantigen 70kD (Ku antigen) ; CTC box binding factor 75 
kDa subunit; thyroid- lupus autoantigen p7 0; Ku autoantigen 
p70 subunit" 
/ codon_start= 1 

/product="ATP-dependent DNA helicase II , 70 kDa subunit" 

/protein_id= " NP 001460.1 " 

/db_xref ="GI : 4503 841" 

/db xref- f, CCDS: CCDS14021.1 " 

/ db_xr e f = " Gene ID : 2547 " 

/ db_xr e f =" HGNC : 4055 " 

/ db_xre f = " HPRD : 01071 " 

/ db_xr e f = " M IM : 152690 " 

/ translation* "MSGWESYYKTEGDEEAEEEQEENLEASGDYKYSGRDSLIFLVDA 
SKAMFESQSEDELTPFDMSIQCIQSVYISKIISSDRDLLAVVFYGTEKDKNSVNFKNI 
YVT^QELDNPGAKRILEIiDQFKGQQGQKRFQDMMGHGSDYSLSEVLWVCANLFSDVQFK 
MSHKRIMLFTNEDNPHGNDSAKASRARTKAGDLRDTGIFLDLMHLKKPGGFDISLFYR 
DIISIAEDEDLRVHFEESSKLEDLLRKVRAKETRKRALSRLKIiKLiNKDIVISVGIYNIj 
VQKAIiKPPPIKLYRETNEPVKTKTRTFNTSTGGLIiLPSDTKRSQIYGSRQIIIiEKEET 
EELKRFDDPGLMLMGFKPLVIjLKKHHYLRPSLFVYPEESLVIGSSTXFSALLIKCLEK 
EVAALCRYTPRRNIPPYFVALVPQEEELDDQKIQVTPPGFQIiVFIiPFADDKRKMPFTE 
KIMATPEQVGKMKAIVEKLRFTYRSDSFENPVLQQHFRNLEAIJVIjDIjMEPEQAVDLTL 
PKVEAMNKRLGSLVDEFKELVTPPDYNPEGKVTKRKHDNEGSGSKRPKVEYSEEELKT 
HISKGTLGKFTVPMLICEACRAYGLKSGLKKQELLEAIjTKHFQD " 

STS 186 . .320 

/gene="XRCC6" 

/ s t andar d_name = " SGC3 4657" 

/db xref ="UniSTS : 83511 " 

STS 909 . . 1010 

/gene="XRCC6" 

/ s t andar d_name = " RH2 7 88 8" 

/db_xref ="UniSTS : 87747 " 

STS 1850 . .2020 

/gene="XRCC6" 

/ s t anda r d_name = " D2 2 S 1 2 4 5 " 

/db xref ="UniSTS : 32024 " 

STS 1887 . .2020 

/gene="XRCC6" 

/ s t anda r d_name ="WI-18866" 

/ db_xr e f = " Uni S TS : 32025 " 

polyA signal 2100. .2105 

/gene="XRCC6" 

poly A site 2121 

/gene="XRCC6" 

/experiments" experimental evidence, no additional details 
recorded" 
pol yA site 212 4 

/gene="XRCC6" 

/experiments "experimental evidence, no additional details 
recorded" 
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polyA site 



polyA site 



2126 

/gene="XRCC6" 

/ experiment = " experimental evidence , 

recorded" 

2133 

/gene^'XRCCe" 



no additional details 



ORIGIN 



1 gcgcatgcgt ggattgtcgt cttctgtcca agttggtcgc ttccctgcgc caaagtgagc 
61 agtagccaac atgtcagggt gggagtcata ttacaaaacc gagggcgatg aagaagcaga 
121 ggaagaacaa gaagagaacc ttgaagcaag tggagactat aaatattcag gaagagatag 
181 tttgattttt ttggttgatg cctccaaggc tatgtttgaa tctcagagtg aagatgagtt 

2 41 gacacctttt gacatgagca tccagtgtat ccaaagtgtg tacatcagta agatcataag 

3 01 cagtgatcga gatctcttgg ctgtggtgtt ctatggtacc gagaaagaca aaaattcagt 
gaattttaaa aatatttacg tcttacagga gctggataat ccaggtgcaa aacgaattct 
agagcttgac cagtttaagg ggcagcaggg acaaaaacgt ttccaagaca tgatgggcca 
cggatctgac tactcactca gtgaagtgct gtgggtctgt gccaacctct ttagtgatgt 
ccaattcaag atgagtcata agaggatcat gctgttcacc aatgaagaca acccccatgg 
caatgacagt gccaaagcca gccgggccag gaccaaagcc ggtgatctcc gagatacagg 
catcttcctt gacttgatgc acctgaagaa acctgggggc tttgacatat ccttgttcta 
cagagatatc atcagcatag cagaggatga ggacctcagg gttcactttg aggaatccag 
caagctagaa gacctgttgc ggaaggttcg cgccaaggag accaggaagc gagcactcag 
caggttaaag ctgaagctca acaaagatat agtgatctct gtgggcattt ataatctggt 
ccagaaggct ctcaagcctc ctccaataaa gctctatcgg gaaacaaatg aaccagtgaa 
aaccaagacc cggaccttta atacaagtac aggcggtttg cttctgccta gcgataccaa 
gaggtctcag atctatggga gtcgtcagat tatactggag aaagaggaaa cagaagagct 
aaaacggttt gatgatccag gtttgatgct catgggtttc aagccgttgg tactgctgaa 
gaaacaccat tacctgaggc cctccctgtt cgtgtaccca gaggagtcgc tggtgattgg 



361 
421 
481 
541 
601 
661 
721 
781 
841 
901 
961 
1021 
1081 
1141 



// 



12 01 gagctcaacc ctgttcagtg ctctgctcat caagtgtctg gagaaggagg ttgcagcatt 

12 61 gtgcagatac acaccccgca ggaacatccc tccttatttt gtggctttgg tgccacagga 
1321 agaagagttg gatgaccaga aaattcaggt gactcctcca ggcttccagc tggtcttttt 

13 81 accctttgct gatgataaaa ggaagatgcc ctttactgaa aaaatcatgg caactccaga 

14 41 gcaggtgggc aagatgaagg ctatcgttga gaagcttcgc ttcacataca gaagtgacag 

15 01 ctttgagaac cccgtgctgc agcagcactt caggaacctg gaggccttgg ccttggattt 
gatggagccg gaacaagcag tggacctgac attgcccaag gttgaagcaa tgaataaaag 
actgggctcc ttggtggatg agtttaagga gcttgtttac ccaccagatt acaatcctga 
agggaaagtt accaagagaa aacacgataa tgaaggttct ggaagcaaaa ggcccaaggt 
ggagtattca gaagaggagc tgaagaccca catcagcaag ggtacgctgg gcaagttcac 
tgtgcccatg ctgaaagagg cctgccgggc ttacgggctg aagagtgggc tgaagaagca 
ggagctgctg gaagccctca ccaagcactt ccaggactga ccagaggccg cgcgtccagc 
tgcccttccg cagtgtggcc aggctgcctg gccttgtcct cagccagtta aaatgtgttt 
ctcctgagct aggaagagtc tacccgacat aagtcgaggg actttatgtt tttgaggctt 
tctgttgcca tggtgatggt gtagccctcc cactttgctg ttccttactt tactgcctga 
ataaagagcc ctaagtttgt actatatact gttaaaaaaa aaaaaaaaaa aaaaaa 



1561 
1621 
1681 
1741 
1801 
1861 
1921 
1981 
2041 
2101 



Disclaimer | Write to the Help Desk 
NCBI | NLM | NIH 



Sep 27 2(KK> 15:22:00 



http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db==^ucleotide&val==5 1093847 



10/13/2006 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 



LT LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




COLOR OR BLACK AND WHITE PHOTOGRAPHS 




GRAY SCALE DOCUMENTS 



